METHODS
HO purity of trichothecene standards has been recognized (6), mycotoxin literature lacks nondestructive procedures to determine purity of several of the scarce and expensive trichothecenes. Extensive physicochemical data for characterizing and identifying some 15 mycotoxins (including T-2 toxin and zearalenone) have been published (7) . Our investigation is directed toward the development of a nondestructive procedure that can be used to determine purity of purchased or laboratory-prepared reference standards.
Physical and chemical properties that may be used to determine the purity of several Fusarium mycotoxlns have been Investigated. A combination of analytical procedures, which Include high performance thin-layer chromatography (HPTLC), liquid chromatography (LC), gas chromatography (GC), gas chromatography/mass spectrometry (GC/MS), ultraviolet spectrometry (UV), and nuclear magnetic resonance Trichothecene mycotoxins (Figure 1 ), such as T-2 toxin, deoxynivalenol, nivalenol, and the estrogenic mycotoxin, zearalenone, are produced by a number of Fusarium species found around the world. Contamination of cereals and feeds with trichothecene mycotoxins occasionally causes intoxication in humans and in farm animals (1-3). Zearalenone contamination of animal feeds appears to be a worldwide problem (4) . Analytical procedures for detection and quantitation of most Fusarium mycotoxins at parts per billion levels now exist (5) , and the validity and accuracy of such procedures are directly dependent on reference standards used in the assays. Since reference standards are generally used as dilute solutions (ng or~g/mL), impurities would not be detectable at these concentrations. Although the problem of 
Gas Chromatography and Gas Chromatography/Mass
Spectroscopy Prepare TMS derivatives as described by Gilbert et al. (9) so that final concentration of derivatized standard is 1~g/ L. Inject (on column) 1-2~L standard onto capillary column and temperature-program oven from 150-250°C at 5°/ min. Adjust sensitivity of FID detector so that major peak is 90-100% full scale. Record detector signal on recording integrator to determine presence and relative percentage ofTMS contaminant (if any) that may be present. Use same TMS preparations (1~gl~L) to examine toxins by GC/MS. Record positive CI spectra (full scan) with isobutane as reagent gas.
Nuclear Magnetic Resonance Analysis
Determine IH NMR spectra on 1 mg samples of toxin standard dissolved in CDCb as described by Beremand et al. (10) . zyl)pyridine (Reagent A) and heat 30 min a1 150°C. Let plate cool and spray with tetraethylenepentamine solution (Reagent B). Trichothecenes appear as blue zone on white background (8) .
Liquid Chromatography
Prepare working solutions of each toxin by accurately dispensing 100~L stock solution (1~gl~L) into amber vials with Teflon-lined screw caps. Evaporate solvent under gentle stream of nitrogen, and dissolve residue in mobile phase to give following concentrations: zearalenone, a-zearalenol, and~-zearalenol (25~g/mL). Inject 20~L onto reversephase (C s or CIS) column, elute at 1.0 mL/min, and monitor eluant at 236 nm. This provides for 100-fold increase over level that can be easily quantitated by LC with UV detector. Dilute stock solutions of trichothecenes (1~g/~L) to working solutions containing 0.250~gl~L ofT-2, HT-2, diacetoxyscirpenol, and neosolaniol, and 0.125~gl~L of deoxynivalenol, nivalenol, and fusarenon-X. These concentrations provide 100 times minimum levels that can be quantitated by LC with UV detector at 210 nm for T-2, HT-2, diacetoxyscirpenol, and neosolaniol, and at 219 nm for deoxynivalenol, nivalenol, and fusarenon-X. 
:L, =[mw X 1000 X absorbance (OD)]/concn (/lg/mL) cient of extinction for each toxin at UV maximum as follows:
Interlaboratory Study on Standards
Samples of mycotoxin standards that were determined to be pure (>98%) by LC, HPTLC, and GC/MS were supplied to 5 different collaborators. The following samples were provided as dry films in amber vials: deoxynivalenol (125 /lg from 2 different commercial sources; T-2 toxin (500 /lg); azearalenol (50 /lg); and~-zearalenol (50 p.g). Collaborators were instructed to dissolve each standard in 5.00 mL Spectroquality methanol and determine the UV spectra from 400 to 190 nm. Coefficients of extinction at UV maxima were calculated and reported with other data on instrument make and model, scan rate, wavelength accuracy, cuvet volume, and path length. Collaborators were also requested to determine the coefficient of extinction for T-2 toxin in acetonitrile at 25 /lg/mL. Figure 2 shows impurities in a-zearalenol (2) and~-zeara lenol (3 ) reference standards that can be detected on HPTLC plates sprayed with 20% aluminum chloride. The a-zearalenol contains approximately 5% zearalenone, which is also present, but at lower levels, in the~-zearalenol. Pure reference standards (10 and 25 p.g each) that have been properly stored produced only one zone on HPTLC plates. The aluminum chloride spray does not detect all organic impurities (which can be detected by charring after sulfuric acid spray), but does detect degradation or conversion products more commonly found in reference standards. Figures 3A and 3B are GC chromatograms of the impure a-and~-zearalenol standards (1.4 p.g of TMS derivative). Impurities were detected at 9.65 min (zearalenone) and 9.92 min (unknown). Chromatograms of standards showing one zone on HPTLC plates also showed only one peak for each standard. A UV detector. although less sensitive and less specific than the fluorescence detector, was used because it indicates more readily the presence of impurities. Similar purity for the aand~-zearalenol standards was determined by LC. Confirmation of purity was established by GC/MS of the TMS derivative of each standard.
Results and Discussion
These reference samples were used in the interlaboratory study to evaluate the reliability of using coefficients of extinction to determine purity of purchased or laboratory-prepared reference standards. The UV spectra of zearalenone, a-zearalenol. and~-zearalenol show similar adsorption maxima (236, 274. and 316 nm); however, the coefficients of extinction are characteristically different. Figure 4 shows the UV spectra of pure a-zearalenol (A) and~-zearalenol (B) at 10 /lg/ mL in methanol. Values for the coefficients of extinction of selected, pure Fusarium toxins were determined in 5 different laboratories. Type of instrument and scan speed (30-600 nm/min) did not have a significant effect on values obtained (Table I) . Standard deviations for UV maxima were less than I nm, and CV R (reproducibility) values were less than 0.45%. Coefficients of extinction at UV maximum are shown in Table 2 . The value for a-zearalenol (>'236 = 28538 ± 803) is less than the established value for zearalenone (>'236 = 29512 ± 376), which has been used to determine the purity of reference standards of this toxin (11) . The coefficient of extinction for~-zearalenol (>'238 = 24963 ± 1041) is, in turn, less than for the a-isomer and exhibits a UV 
UV Spectra and Coefficients of Extinction
Prepare zearalenone, a-zearalenol, and~-zearalenol standards at 10 /lg/mL methanol. Prepare trichothecene standards at 100 /lg/mL methanol for T-2 toxin, diacetoxyscirpenol. and neosolaniol; at 50 /lg/mL for HT-2; and at 25 /lg/ mL for deoxynivalenol, fusarenon-X, and nivalenol. Scan solvent from 400 to 190 nm to determine suitability for use. Rinse cuvet with working solution of each toxin prior to obtaining UV spectra from 400 to 190 nm. Calculate coeffi- (14.37 min) with an acetonitrile-water (25 + 75) solvent system. We were unable to obtain HT-2 in crystalline form, and manipulation of the clear, amorphous gel presented problems in preparation of reference solutions. Other type A trichothecenes studied were pure as determined by Le, UV, and GC/MS examination. Neosolaniol, T-2, and diacetoxyscirpenol produced similar spectra, and the coefficients of extinction (at 203 nm) for these toxins were determined to be 2644,3822, and 2487, respectively. Coefficient of extinction for this T-2 reference standard was determined to be 3681 ::I: 362 by 4 other analysts (Table 2) . NMR analysis of 2 T-2 standards from different sources indicated only minor differences in purities ( Figure 6 ). No impurities were detected in these samples by GC/MS. Type B trichothecenes included in this study were deoxynivalenol, nivalenol, and fusarenon-X. Figure 7 shows the UV spectra of nivalenol and deoxynivalenol standards determined to be pure by LC, HPTLC, and GC/MS. The respective coefficients of extinction were calculated to be A220 = 5142 and A219 = 5913 (Table 3) . Samples of deoxynivalenol standards from 2 different sources were also examined by 5 collaborators; the average values and standard deviations were 6395 ::I: 475 and 6020 ::I: 301. CVR values were 7.432 and 5.005%, respectively. Fusarenon-X, estimated to be 94% pure by GC and LC analyses, contained small amounts of nivalenol and an unknown. UV examination of this standard gave a coefficient of extinction of A217 = 5997 (Table 3) .
Although the purity of most reference standards is about 95%, we encountered considerable variation in the weights of toxins in individual vials from commercial sources. A sample ofT-2 (worst case encountered) was labeled to contain 5 mg; the vial actually contained 3.500. Caution must be exercised in determining actual amounts of toxin received. Whenever small amounts (1-5 mg) of standards are purchased and accurate weights cannot be determined, we recommend that the concentration of the toxin be determined by comparing the coefficient of extinction, in methanol, to an established value. The reference standard can then be stored as a dry film or in an appropriate solvent; some trichothecenes are unstable in methanol (12) . In this laboratory, we have determined that the coefficients of extinction for the trichothecenes are 2.5X higher in acetonitrile than in methanol. However, the UV maximum is shifted to 194-196 nm, and collaborating laboratories were unable to measure UV maxima at this wavelength.
We have studied purity of several of the major trichothe- 
maximum of 238 nm. Although limited, this interlaboratory study indicates that these values can be used to determine the purity of a-zearalenol and~-zearalenol standards. CVR values of extinction coefficients obtained in the interlaboratory study were 2.815 and 4.174 for a-and~-zearalenol, respectively. Storage of these standards in methanol, protected from light and refrigerated (4°C), has been successful for 18 months. Purity of trichothecene standards were evaluated by similar procedures. HPTLC of T-2, HT-2, diacetoxyscirpenol, and neosolaniol (25 fJ.g each) indicated that these standards were pure. However, further examination by LC, UV, and GC/MS indicated that the HT-2 was contaminated with several minor components ( Figure 5 ). The UV spectrum indicates an impurity at 220 nm, and LC shows minor components, detectable at 210 nm, which elute prior to HT-2 cene mycotoxins and n-and is-zearalenol by a variety of methods. Standards determined to be pure were then examined by UV and the coefficients of extinction were determined. The ministudy to determine the coefficients of extinction for selected standards demonstrate that the method is reliable and gives reproducibility CVs of less than 10%. Such nondestructive determinations are needed to conserve scarce 
